Sheet 1 of 18 

Miki Fukushima et al. 

Filed November 28, 2001 

LaseT Beam Machining Method For Wiring Board, 
Laser Beam Machining Apparatus et al. 
Q67200 

1/18 



FIG. 1 



27 




3 4 



FIG. 2 



< 




I i i 1 1 — 

0 10 20 30 40 

ENERGY DENSITY (3/cm 2 ) 



Sheet 2 of 18 

Miki Fukushima et al. 

Filed November 28, 2001 

Laser Beam Machining Method For Wiring Board, 
Laser Beam Machining Apparatus et al. 
Q67200 



2 / 18 



? FIG. 3 

3. 




1 10 100 200 



PUL5E WIDTH (ys) 



FIG. 5 

"i I 

PEAK POWER 

jLJ 

5=- «=S 

PULSE WIDTH 
(BEAM IRRADIATION TIME) 



< = s ^ 

BEAM IRRADIATION PAUSING TIME 



Sheet 3 of 18 

Mild Fukushima et al. 

Filed November 28, 2001 

Laser Beam Machining Method For Wiring Board, 
Laser Beam Machining Apparatus et al. 
Q67200 

3/18 



o 




m — c\j m 



Sheet 4 of 18 

Miki Fukushima et al. 

Filed November 28, 2001 

Laser Beam Machining Method For Wiring Board, 
Laser Beam Machining Apparatus et al. 
Q67200 



4/18 



FI G. 6 




BEAM IRRADIATION PAUSING TIME (ms) 



FIG. 7 



TEMPERATURE 




DISTANCE FROM SURFACE OF MACHINED PORTION 



Sheet 5 of 18 

Miki Fukushima et al. 

Filed November 28, 2001 

Laser Beam Machining Method For Wiring Board, 
Laser Beam Machining Apparatus et al. 
Q67200 



5 / 18 



FIG. 9 




0 2 4 6 8 10 



BEAM IRRADIATION PAUSING TIME t1 (ms) 



FIG. 10 




O 10 20 30 40 50 



PULSE GROUP INTERVAL BEAM 
IRRADIATION PAUSING TIME t2 (ms) 



Sheet 6 of 18 
MikiFukustomaetal- 

Filed November 28, wWng Board, 

Q67200 

6/18 



FIG. 11 



< 

a: 
< 

u 

O 

to 

Z 

x: 
u 

5 



100 
80 - 
60 
40 
20 



O PRESENT EMBODIMENT 
(NUMERAL DENOTING THE 
NUMBER OF PULSES 
AMONG PULSE GROUP) 

• PRIOR ART 



tl : 25ms 
t2 : 50ms 




0 0.5 1.0 1.5 2.0 2.5 

MACHINING TIME(s) 



FIG. 12 




Sheet 7 of 18 

Miki Fukushima et al. 

Filed November 28, 2001 

User Beam Machining Method For Wmng Board, 
Laser Beam Machining Apparatus et al. 
Q67200 



7 / 18 

FIG. 8 



A 



PEAK POWER 



-> 



PULSE WIDTH tl 
(BEAM IRRADIATION TIME) 



t2 



26 



FIG- 13 



-5* 



25 

















YS///////////////, 






/ ^ . / / / ////////// 












■V////////////////. 












//>'// ' y / y y/Y y ' y/ ' y / 












'/J/////*///////////. 










I 1 



200 



FIG. 14 




SCANNING SPEED (m/minute) 



Sheet 8 of 18 

Miki Fukushima et al. 

Filed November 28, 2001 

Laser Beam Machining Method For Wiring Board, 
Laser Beam Machining Apparatus et al. 
Q67200 

8/18 



FIG 15 





27a 



27b 



Sheet 9 of 18 

Miki Fukushima et al. 

Filed November 28, 2001 

Laser Beam Machining Method For Wiring Board, 
Laser Beam Machining Apparatus et al. 
Q67200 



9 / 18 



27 




FIG. 19 (b) 



Sheet 10 of 18 
Miki Fukus'.-ima et al. 
Filed Novel er 28, 2001 

Laser Bean ..lachining Method For Wiring Board, 
Laser Bear,- Machining Apparatus et al. 
Q67200 

10/18 





FIG. 24 

\ Z^~27 



1 E 



30 



2 



26 



Sheet 11 of 18 
Miki Fukushima et al. 
Filed November 28, 2001 

Laser Beam Machining Method For Wiring Board, 
Laser Beam Machining Apparatus et al. 
Q67200 

11/18 

FIG. 21 

10 



J 9 

27 25 



t 



, — ^ — J 1 










7/////7^7///7^ /'///////////// 






/ V/Z / ///yy / //4Vy / ////// / ///y / / 












///?///////////////////////, 






























' r /s^/ ///////////////////// / 










I 




Sheet 12 of 18 
Miki Fukushima et al. 
Filed November 28, 2001 

Laser Beam Machining Method For Wiring Board, 
Laser Beam Machining Apparatus et al. 
Q67200 

12/18 



FIG. 25 
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FIG 31 (a) 
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